Introduction {#S0001}
============

Gliomas are primary central nervous system tumors that originate from glial cells and are mostly located in the brain. High-grade gliomas tend to metastasize and are usually diagnosed at an advanced stage, rendering curative treatment rare even with a combined approach of surgery, radiation therapy and chemotherapy. The prognosis for patients with malignant gliomas is extremely poor, with a high risk of recurrence.[@CIT0001],[@CIT0002] Therefore, the underlying molecular and cellular mechanisms of glioma pathogenesis must be investigated; additionally, identification of diagnostic biomarkers and potential therapeutic targets is urgently needed.

Recent studies have surprisingly revealed that more than 98% of transcripts do not have protein-coding ability; such transcripts are termed noncoding RNAs (ncRNAs).[@CIT0003] Among them, long noncoding RNAs (lncRNAs), which are defined as a heterogeneous class of transcripts that are longer than 200 nucleotides and do not have protein-coding ability, have attracted considerable attention. Increasing evidence has shown that lncRNAs play a critical role in multiple physiological and pathological biological processes and that dysregulation of lncRNA expression levels is closely related to a wide range of diseases, especially the tumorigenesis and metastasis of multiple cancers, including gliomas.[@CIT0004],[@CIT0005] For instance, CCAT2,[@CIT0006] MALAT1,[@CIT0007] SNHG6,[@CIT0008] UCA1,[@CIT0009] DANCR[@CIT0010] and H19[@CIT0011] function as oncogenes and were overexpressed in gliomas. Meanwhile, TUSC7[@CIT0012] and TSLC1-AS1[@CIT0013] function as tumor suppressors that were downregulated in gliomas. Although the function of a growing number of lncRNAs in tumors has been well studied, a large number of lncRNAs remain functionally undefined.

LncRNAs exert their functions through multiple mechanisms, including epigenetic silencing, lncRNA-miRNA interactions, lncRNA-protein interactions and lncRNA-mRNA interactions during transcriptional or posttranscriptional processing.[@CIT0005] Additionally, the competitive endogenous RNA (ceRNA) hypothesis has provoked substantial interest; accumulating experimental evidence has illustrated that lncRNAs can act as ceRNAs that share and compete for miRNA response elements (MREs) with target mRNAs. ceRNAs can "sponge" or "decoy" miRNA, decrease the amount of available miRNAs and contribute to the enhanced translation of their target mRNAs.[@CIT0014],[@CIT0015] Previous studies have indicated that the lncRNA SNHG12 can modulate the expression of Notch2 by sponging miRNA in osteosarcoma.[@CIT0016] Furthermore, in gastric cancer, linc00483 enhances the expression of SPAG9, which can activate the MAPK signaling pathway by competitively sequestering miR-30a-3p and promoting gastric cancer cell proliferation and metastasis.[@CIT0017] Emerging evidence suggests that ceRNAs play a critical role in glioma progression. For instance, the lncRNA miR155HG can modulate the expression of ANXA2 by sponging miR-185, which contributes to glioblastoma growth and progression.[@CIT0018] Furthermore, LINC00689 functions as a ceRNA by directly interacting with miR-338-3p to upregulate pyruvate kinase M2 (PKM2) expression to promote the growth, metastasis and glycolysis of glioma cells.[@CIT0019]

Brain cytoplasmic RNA 1 (BCYRN1), also called BC200, is selectively expressed in the central nervous system.[@CIT0020] Recent studies have found that BCYRN1 is more highly expressed in breast, ovarian, colon, cervical and other cancer tissues than in corresponding normal tissues, and BCYRN1 is related to the tumorigenesis and prognosis of these cancers.[@CIT0021],[@CIT0022] Our previous studies have shown that BCYRN1 is significantly downregulated during genotoxic stress-induced necrosis in U87 and U251 cells, indicating that BCYRN1 may have oncogenic potential in glioma cells.[@CIT0023] In the present study, we report that BCYRN1 can promote glioma cell proliferation, invasion and migration in vitro. By acting as a sponge to sequester the endogenous tumor suppressor miR-125a-5p, BCYRN1 further increases the expression of TAZ.

Materials and Methods {#S0002}
=====================

Cell Culture and Transfection {#S0002-S2001}
-----------------------------

The glioma cell lines U251 and U87 were obtained from the Chinese Academy of Sciences Cell Bank (Shanghai). The cells were grown in DMEM (HyClone, USA) supplemented with 10% fetal bovine serum (HyClone, USA), 1% penicillin-streptomycin and 1% L-glutamine and maintained in a humidified atmosphere of 5% CO2 in an incubator at 37°C. U251 and U87 cells were transfected with plasmids using the transfection reagent Lipofectamine 3000 (Invitrogen, USA) or with oligonucleotides by Lipofectamine 2000 (Invitrogen, USA) according to the manufacturer's instructions.

Plasmid Construction and Oligonucleotides {#S0002-S2002}
-----------------------------------------

The complementary DNA coding for BCYRN1 was PCR amplified by EX Taq (TaKaRa, Japan) and subcloned into MSCV. The primers used were 5ʹ- ATTCTAGAGCTAGCGAATTCGGCCGGGCGCGGTGGCTCAC −3ʹ (forward) and 5ʹ-GAGCGATCGCAGATCCTTGCGGCCGCAAAGGGGGGGGGGGGTTGTT −3ʹ (reverse). All plasmids were sent to Invitrogen(USA) for sequencing. Small interfering RNA (siRNA) targeting BCYRN1, a miR-125a-5p mimic, miR-125a-5p inhibitors and a siRNA negative control (si-NC) were purchased from GenePharma (Shanghai). All of the oligonucleotide sequences are listed in [Table 1](#T0001){ref-type="table"}.Table 1The Primers and siRNA Sequences Used in This StudyNameSequencesqPCR primersBCYRN1SenseGCCTGTAATCCCAGCTCTCAAnti-senseGGTTGTTGCTTTGAGGGAAGTAZSenseCTCAAGTGCCCTCTCCGAGCTGAnti-senseCTCACCTGCCTTCTATGCTCCCACTBSenseTCAAGATCATTGCTCCTCCTGAGAnti-senseACATCTGCTGGAAGGTGGACAGAPDHSenseGAGTCAACGGATTTGGTCGTAnti-senseTTGATTTTGGAGGGATCTCGU65ʹ- CTCGCTTCGGCAGCACA −3'miR-125a-5pTCCCTGAGACCCTTTAACCTGTGAAAsiRNA and mimic sequencesmiR-125a-5p inhibitorUCACAGGUUAAAGGGUCUCAGGGAmiR-125a-5p mimicUCCCUGAGACCCUUUAAUUCCUGUGA\
ACAGGUUAAAGGGUCUCAGGGAUUsi-BCYRN1AAGCGUAACUUCCCUCAAATT\
UUUGAGGGAAGUUACGCUUTTsi-NCUUCUCCGAACGUGUCACGUTT\
ACGUGACACGUUCGGAGAATT

Cell Proliferation Assay {#S0002-S2003}
------------------------

Cell proliferation was assessed using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay (Promega, USA) according to the manufacturer's protocol. The absorbance was measured at 490 nm on a microplate reader (Thermo Scientific, USA).

Wound-Healing Assay {#S0002-S2004}
-------------------

Cells were cultured in twelve-well plates and grown to confluence overnight. Linear wounds were made with a sterile pipette tip. Cells were washed with PBS to remove debris and incubated at 37°C for 24 h. Images showing cell migration at 0 h and 24 h after scratching were obtained using an inverted microscope (Nikon, Japan) at a magnification of 200×.

Transwell Assays {#S0002-S2005}
----------------

For the invasion assay, 2×10^4^ cells were plated in the top transwell chamber (24-well insert; 8-μm pore size, BD Biosciences, USA) with Matrigel matrix (Sigma, USA) according to the manufacturer's instructions. For the migration assay, transwell chambers without Matrigel were used. In both assays, cells were plated in medium without serum, and medium supplemented with 10% serum was used as a chemo-attractant in the lower chamber. The cells were incubated for 24 h. Cells that did not migrate or invade through the pores were removed by a cotton swab. Filters were fixed with 90% ethanol, stained with 0.1% crystal violet, and photographed. Cell numbers were counted.

Quantitative Real-Time PCR (qPCR) {#S0002-S2006}
---------------------------------

Total RNA was isolated using Trizol reagent (TaKaRa, Japan). The cDNA of miRNA was generated using the Mir-X™ miRNA First-Strand Synthesis Kit (Clontech, Japan). The cDNA of lncRNA was generated using the PrimeScript™ RT Reagent Kit (TaKaRa, Japan). qPCR was performed in triplicate using SYBR Premix Ex Taq II (TaKaRa, Japan) with a CFX96 Real-Time PCR Detection System (Bio-Rad, USA). The relative RNA expression levels were calculated by the Vandesompele method. ACTB and GAPDH were used as endogenous controls for lncRNA, as were U6 and RNU for miRNA. The primer sequences used in qPCR are listed in [Table 1](#T0001){ref-type="table"}.

Western Blot Analysis {#S0002-S2007}
---------------------

Total protein was extracted from transfected cells using the mammalian protein extraction reagent RIPA (Beyotime, China). Total proteins from the lysates were separated on a 10% SDS-PAGE gel and then transferred to PVDF membranes (Millipore, USA). The membranes were blocked in 5% nonfat milk and then incubated with diluted specific primary antibodies against TAZ (Proteintech, USA) and ATCB (Proteintech, USA) overnight at 4°C. Primary antibodies were detected using horseradish peroxidase-conjugated secondary antibodies. The bands were visualized using an enhanced chemiluminescent kit (ECL kit, Santa Cruz, USA) according to the manufacturer's protocol.

Statistical Analysis {#S0002-S2008}
--------------------

Student's *t*-test was used for comparisons. SPSS 20.0 software was used for analysis. Differences were defined as statistically significant at p-values \< 0.05.

Results {#S0003}
=======

Silencing BCYRN1 Inhibits the Proliferation and Metastasis of Glioma {#S0003-S2001}
--------------------------------------------------------------------

To evaluate the biological functions of BCYRN1 in glioma in vitro, we silenced BCYRN1 in two glioma cell lines, U251 and U87, by transfection of the specific siRNA si-BCYRN1 and using si-NC as a negative control ([Figure 1A](#F0001){ref-type="fig"}). As demonstrated by the MTS assay, repression of BCYRN1 significantly decreased the proliferation of U251 and U87 cells ([Figure 1B](#F0001){ref-type="fig"}). Furthermore, the transwell assays showed that silencing BCYRN1 suppressed glioma cell migration and invasion ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). A wound-healing assay suggested that the migratory ability of U87 and U251 cells was obviously decreased after BCYRN1 knockdown ([Figure 1E](#F0001){ref-type="fig"}).Figure 1Knockdown of BCYRN1 inhibits the proliferation and metastasis of glioma. (**A**) Decreased BCYRN1 levels in U87 and U251 cells transfected with si-BCYRN1, using si-NC as a negative control. The data are presented as the mean±SD (n=3 in each group). \*\*\*p\<0.001 vs the si-NC group. (**B**) BCYRN1 knockdown significantly inhibited the proliferative capability of U87 and U251 cells as determined by MTS assays (\*p\<0.05, \*\*p\<0.01, \*\*\*p\<0.001). (**C** and **D**) Transwell assay results for U87 and U251 cells transfected with si-BCYRN1 and si-NC. Representative images and the accompanying statistical plots are presented. The data are presented as the mean±SD (n=3 in each group). \*p\<0.05, \*\*p\<0.01 vs the si-NC group. (**E**) The wound-healing assay showed the migratory abilities of U87 and U251 cells transfected with si-BCYRN1 and si-NC. Wound closure was measured at 0 h and 24 h. Representative images and the accompanying statistical plots are presented. The data are presented as the mean±SD (n=3 in each group). \*\*p\<0.01 vs the si-NC group.

Overexpression of BCYRN1 Promotes the Proliferation and Metastasis of Glioma {#S0003-S2002}
----------------------------------------------------------------------------

To further confirm the role of BCYRN1 in glioma progression, we enhanced BCYRN1 expression by transfecting a BCYRN1 expression vector (p-BCYRN1) into the glioma cell lines U251 and U87 and using the p-MSCV vector as a negative control ([Figure 2A](#F0002){ref-type="fig"}). MTS assays indicated that the enhanced expression of BCYRN1 significantly increased the proliferation of U251 and U87 cells ([Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). Next, we investigated the impact of BCYRN1 overexpression on glioma cell invasion and migration. Transwell assays indicated that the number of invading cells in the p-BCYRN1 group was largely increased compared to that in the p-MSCV group ([Figure 2D](#F0002){ref-type="fig"} and [E](#F0002){ref-type="fig"}).Figure 2Overexpression of BCYRN1 promotes the proliferation and metastasis of glioma. (**A**) We used qRT-PCR to measure the expression levels of BCYRN1 in U87 and U251 cells transfected with p-BCYRN1, using p-MSCV as a negative control. The data are presented as the mean±SD (n=3 in each group). \*\*p\<0.01 vs the p-MSCV group. (**B** and **C**) Overexpression of BCYRN1 significantly increased the proliferative capability of U87 and U251 cells as determined by MTS assays (\*p\<0.05). (**D** and **E**) Transwell assay results for U87 and U251 cells transfected with p-BCYRN1 and p-MSCV. Representative images and the accompanying statistical plots are presented. The data are presented as the mean±SD (n=3 in each group). \*\*p\<0.01, \*\*\*p\<0.001 vs the p-MSCV group.

BCYRN1 Binds to miR-125a-5p and Negatively Regulates Its Expression {#S0003-S2003}
-------------------------------------------------------------------

Many lncRNAs have recently been reported to function as ceRNAs by competitively binding to microRNAs. To further understand the underlying mechanism of BCYRN1 in glioma, we performed a bioinformatic analysis using LncBase Predicted V.2 and found that BCYRN1 has a putative binding site on miR-125a-5p ([Figure 3A](#F0003){ref-type="fig"}). Then, through overexpression and knockdown of BCYRN1, we found that BCYRN1 had an inverse correlation with miR-125a-5p in U251 cells ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). Additionally, through overexpression and knockdown of miR-125a-5p, the same negative relationship was found between BCYRN1 and miR-125a-5p ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). These findings suggested that miR-125a-5p interacts with BCYRN1.Figure 3BCYRN1 binds to miR-125a-5p and negatively regulates its expression. (**A**) LncBase Predict V.2 predicted a binding site for BCYRN1 on miR-125a-5p. (**B** and **C**) qRT-PCR was used to measure the expression levels of miR-125a-5p in U251 cells transfected with p-BCYRN1 and si-BCYRN1. The results indicated that miR-125a-5p expression was upregulated by BCYRN1 knockdown, and miR-125a-5p expression was downregulated by BCYRN1 overexpression. The data are presented as the mean±SD (n=3 in each group). \*p\<0.05, \*\*p\<0.01 vs the negative control group. (**D** and **E**) The expression of BCYRN1 as determined by qRT-PCR in U251 cells transfected with an miR-125a-5p inhibitor and miR-125a-5p mimic. The data are presented as the mean±SD (n=3 in each group). \*p\<0.05, \*\*p\<0.01 vs the negative control group.

BCYRN1 Modulates the Expression of the Endogenous miR-125a-5p Target TAZ {#S0003-S2004}
------------------------------------------------------------------------

Previous evidence has demonstrated that miR-125a-5p can directly target the 3ʹ UTR of TAZ in glioma cells. Thus, we assumed that BCYRN1 may also function in this pathway. We found that overexpression of BCYRN1 can upregulate the mRNA and protein levels of TAZ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}) and that knockdown of BCYRN1 can downregulate the mRNA and protein levels of TAZ ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}). TAZ expression can be downregulated by knockdown of BCYRN1, which can be reversed by a miR-125a-5p inhibitor ([Figure 4E](#F0004){ref-type="fig"}).Figure 4BCYRN1 modulates the expression of the endogenous miR-125a-5p target TAZ. Western blotting was conducted to detect the protein expression of TAZ, while qRT-PCR was performed to detect the mRNA expression of TAZ, after U251 cells were transfected with p-BCYRN1 and p-MSCV. The results showed that BCYRN1 overexpression significantly increased both the mRNA (**A**) and protein (**B**) levels of TAZ. (**C** and **D**) BCYRN1 knockdown substantially decreased both the mRNA and protein expression of TAZ in U251 cells. (**E**) The protein levels of TAZ in U251 cells transfected with si-NC, si-BCYRN1, or si-BCYRN1+miR-125a-5p inhibitor were determined by Western blotting. The results indicated that BCYRN1 knockdown suppressed the protein expression level of TAZ, which could be reversed by inhibiting the expression of miR-125a-5p. \*p\<0.05 vs the negative control group.

miR-125a-5p Inhibition Restores BCYRN1 siRNA Function {#S0003-S2005}
-----------------------------------------------------

To determine the effects of BCYRN1 and miR-125a-5p on the biological functions of glioma cells, we transfected glioma cells with the following combinations: si-NC, si-BCYRN1, or si-BCYRN1 and miR-125a-5p inhibitors. The results showed that si-BCYRN1 dramatically suppressed cell proliferation, invasion and migration compared with the negative control group, and miR-125a-5p inhibition rescued these inhibitory effects of BCYRN1 ([Figure 5A](#F0005){ref-type="fig"}--[C](#F0005){ref-type="fig"}).Figure 5A miR-125a-5p inhibitor restores BCYRN1 siRNA function. (**A** and **B**) U251 and U87 cells were transfected with si-NC, si-BCYRN1, or si-BCYRN1+miR-125a-5p inhibitor. MTS assays were performed to assess cell proliferation. The results showed that downregulation of BCYRN1 inhibited cell proliferation, while the miR-125a-5p inhibitor reversed the inhibitory effects of BCYRN1. The data are presented as the mean±SD (n=3 in each group).\*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001 vs the si-NC group. (**C**) Transwell assays were used to measure the invasion and migration of U251 cells. We found that downregulation of BCYRN1 significantly suppressed cell invasion and migration, but these effects were reversed by inhibition of miR-125a-5p. Representative images and the accompanying statistical plots are presented. The data are presented as the mean±SD (n=3 in each group). \*p\<0.05 vs the si-NC group.

Discussion {#S0004}
==========

Gliomas are the most common and devastatingly invasive tumors of the central nervous system and have fatal outcomes. Over the past several decades, emerging studies have illustrated that altered expression of lncRNAs contributes to cancer pathogenesis, thus providing new insights into the diagnosis and treatment of cancers. In the present study, the biological function of BCYRN1 in glioma was explored for the first time, and we uncovered its potential role as a ceRNA that sponges miR-125a-5p.

In our previous study, we have showed that BCYRN1 is significantly downregulated in glioma cells treated with high concentrations of DOX, which can induce genotoxic stress-induced necrosis of cells.[@CIT0023] Therefore, we speculated that BCYRN1 may have oncogenic potential. However, Kraus et al investigated 90 lncRNAs in 30 tissue specimens, including 3 different glioma entities and normal brain tissues, and found that 4 lncRNAs, including BCYRN1, are stably expressed in the three glioma entities and normal brain tissues.[@CIT0024] Thus, the role of BCYRN1 in glioma remains controversial. In this study, we characterized the function of BCYRN1 in glioma cells by applying gain-of-function and loss-of-function approaches. Overexpression of BCYRN1 promoted the proliferation, migration and invasion of glioma cells. Meanwhile, knockdown of BCYRN1 had the opposite effects. Therefore, our results indicated that BCYRN1 functions as an oncogene in glioma. These data are consistent with previous reports indicating that BCYRN1 also acts as an oncogene in other cancers, such as cervical and colon cancer.[@CIT0021],[@CIT0022]

The ceRNA hypothesis has provided a network regulatory model for ceRNA-miRNA-mRNA interactions, and emerging data have revealed that lncRNAs can act as ceRNAs to regulate biological processes in many cancers.[@CIT0014],[@CIT0015],[@CIT0025],[@CIT0026] Interestingly, Peng et al reported that decreasing BCYRN1 expression attenuates the viability and motility of cervical cancer cells through targeting of miR-138.[@CIT0022] Additionally, many lncRNAs, such as MALAT1,[@CIT0027] MNX1-AS1,[@CIT0028] LINC00152[@CIT0029],[@CIT0030] and DANCR,[@CIT0031] have been verified to act as ceRNAs that regulate the tumorigenesis and progression of gliomas. Inspired by the ceRNA regulatory network, we hypothesized that BCYRN1 may also serve as a ceRNA by directly binding to specific miRNAs. Subsequently, we searched for potential interactions with miRNAs using bioinformatics databases. Among several potential miRNAs, miR-125a-5p attracted our interest, and a putative binding site between BCYRN1 and mi-125a-5p was predicted using LncBase Predicted V.2. MiR-125a-5p is derived from the 5ʹ end of pre-miR-125a.[@CIT0032] Recently, miR-125a-5p has demonstrated to be downregulated in glioma, to suppress the proliferation of glioma and to promote the cell differentiation of glioma by directly targeting the 3ʹ UTR of TAZ.[@CIT0033] TAZ is an important transducer of the Hippo tumor-suppressor pathway, and knockdown of TAZ in glioma stem cells decreases the expression of mesenchymal markers, as well as invasion, self-renewal and tumor formation.[@CIT0034] Thus, we hypothesized that BCYRN1 may function in glioma by modulating TAZ by interacting with miR-125a-5p. In this study, we found that BCYRN1 can reduce miR-125a-5p expression and that miR-125a-5p can downregulate BCYRN1 expression, indicating that BCYRN1 and miR-125a-5p interact and can degrade each other. Furthermore, we confirmed that BCYRN1 can decrease the expression of TAZ at both the mRNA and protein levels, whereas miR-125a-5p inhibitors can partially reverse the reduction caused by BCYRN1 knockdown. Additionally, we found that the inhibition of proliferation and metastasis due to BCYRN1 knockdown can also be partially reversed by miR-125a-5p inhibition. These data imply that BCYRN1 may exert its function through the BCYRN1-miR-125a-5p-TAZ axis.

However, in the present study, we did not prove that BCYRN1 and miR-125a-5p directly interact, and we only investigated one miRNA and lncRNA pair. The ceRNA activity of BCYRN1 may be able to sponge several miRNAs at once, while miR-125a-5p is also capable of controlling other genes. We speculate that other ceRNAs may regulate the expression of key genes in glioma.

Collectively, this is the first report that BCYRN1 served as an oncogene to promote the proliferation, invasion and migration of glioma cells. Furthermore, our results also indicated that BCYRN1 may be a molecular sponge for miR-125a-5p, leading to upregulation of its endogenous target, TAZ. Further studies are required to explore the potential mechanism of BCYRN1. Our results showed that BCYRN1 may be a biomarker for diagnosis and a promising therapeutic target in glioma.
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